Differential effects of endocannabinoids on glutamatergic and GABAergic inputs to layer 5 pyramidal neurons.
Endocannabinoids are emerging as potent modulators of neuronal activity throughout the brain, and activation of the type-1 cannabinoid receptor (CB1R) reduces sensory-evoked cortical responses in vivo, presumably by decreasing excitatory transmission. In the neocortex, CB1R is differentially expressed across neocortical laminae, with highest levels of expression in layers 2/3 and 5. Although we have shown that cannabinoid signaling in layer 2/3 of somatosensory cortex targets both gamma-aminobutyric acid (GABA) and glutamate release, the predominant effect is a net increase in pyramidal neuron (PN) activity due to disinhibition. The role of endocannabinoid signaling in layer 5, the main output layer of the neocortex, remains unknown. We found that inducing activity in layer 5 PNs resulted in endocannabinoid-mediated depolarization-induced suppression of excitation (DSE), whereas the majority of inhibitory inputs were cannabinoid insensitive. Furthermore, in contrast to layer 2/3, the net effect of elevations in action potential firing of layer 5 PNs was an endocannabinoid-mediated decrease in PN spike probability. Interestingly, excitatory synaptic currents in layer 5 evoked by intralaminar stimulation were cannabinoid sensitive, whereas inputs evoked from layer 2/3 were insensitive, suggesting specificity of cannabinoid signaling across glutamatergic inputs. Thus, cannabinoids have differential effects on excitation and inhibition across cortical layers, and endocannabinoid signaling in layer 5 may serve to selectively decrease the efficacy of a subset of excitatory inputs.